Diarrhea is common among hospitalized patients but the causes are distinct from those of diarrhea in the community. We review existing data about the epidemiology of nosocomial diarrhea and summarize recent progress in understanding the mechanisms of diarrhea. Clinicians should recognize that most cases of nosocomial diarrhea have a noninfectious etiology, including medications, underlying illness, and enteral feeding. Apart from Clostridium difficile, the frequency of infectious causes such as norovirus and toxigenic strains of Clostridium perfringens, Klebsiella oxytoca, Staphylococcus aureus, and Bacteroides fragilis remains largely undefined and test availability is limited. Here we provide a practical approach to the evaluation and management of nosocomial diarrhea when tests for C. difficile are negative.
Nosocomial diarrhea is a common complication in hospitalized patients but its causes and significance are underappreciated. Diarrhea predisposes patients to infections, contributes to morbidity and mortality, and increases hospital length of stay and costs [1] [2] [3] [4] [5] [6] . Physicians frequently focus on Clostridium difficile infection (CDI) as the primary cause of diarrhea but most cases are due to medications, enteral feeding, and underlying illness [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . In fact, clinical studies indicate that 12%-32% of hospitalized patients develop diarrhea but ≤20% of cases are attributable to CDI [7, 12, 13] . Other infectious causes are uncommon, but alterations in the intestinal microbiome appear to play a role in many patients [16] [17] [18] [19] . Here we review the infectious and noninfectious causes of nosocomial diarrhea, focusing primarily on adults in industrialized countries, and provide an algorithm for diagnosing and managing patients with nosocomial diarrhea when C. difficile tests are negative.
BACKGROUND AND PATHOPHYSIOLOGY

Definitions
Diarrhea is defined as at least 1 day with ≥3 unformed stools or a significant increase in stool frequency above baseline [18, 20, 21] . Nosocomial diarrhea is an acute episode of diarrhea in a hospitalized patient that was not present on admission and arises after ≥3 days of hospitalization [7, 22] . Clinically, this definition is useful because the likelihood of community-acquired viral, bacterial, or parasitic gastroenteritis developing after the third hospital day is low enough that testing and evaluation can be focused on causes that are more likely in hospitalized patients [22] .
Clinical Spectrum of Disease
Most nosocomial diarrhea not due to CDI is mild or moderate and resolves after a few days, though there are exceptions [7] . For example, toxin-producing strains of Clostridium perfringens and Klebsiella oxytoca can cause severe symptoms or colitis [23, 24] .
Norovirus infection, which is classically associated with a short vomiting illness in the community, often lasts longer in hospitalized patients and can be particularly prolonged and severe in transplant patients [4, 25] . Medication-associated diarrhea can also be severe and chemotherapy-induced diarrhea can be indistinguishable from CDI [3, 20, 26] .
Incidence
Nosocomial diarrhea is common. Two studies from 1987 and 1991 followed large numbers of patients from admission to discharge, documenting diarrhea in 32% and 22% of patients, respectively [7, 12] . More recently, a point prevalence study of 485 hospitalized patients found that 12% of patients had diarrhea, including 27% of those hospitalized for ≥3 weeks [13] . Other studies focusing on high-risk groups such as hematopoietic stem cell transplant (HSCT) patients report rates of diarrhea as high as 80% [11, 27] .
Impact
CDI is a recognized cause of increased morbidity, mortality, hospital length of stay, and healthcare costs [21] . The impact of diarrhea from other causes is less well characterized, but it contributes to fluid and electrolyte abnormalities and nutritional deficiency, and has been associated with an increased risk of wound and urinary tract infections [2, 6, 9] . The increased risk of bloodstream infection associated with femoral catheters has also been attributed to fecal contamination. Diarrhea may also negatively affect other patient outcomes by limiting the use of necessary treatments such as antibiotics, enteral nutrition, immunosuppressants, and antineoplastics. For example, severe chemotherapy-induced diarrhea may necessitate adjustment of the cancer treatment, which can decrease cure rates and contribute to mortality [3] . Similarly, diarrhea in solid organ transplant patients has been associated with an increased rate of acute rejection, graft loss, and decreased survival, presumably due to modification of the immunosuppressant regimen [1] .
Pathophysiology
Traditional efforts to categorize diarrhea as osmotic, secretory, or inflammatory probably oversimplify the pathophysiology in hospitalized patients, who often have multiple factors simultaneously contributing to diarrhea, including underlying disease, trauma, inflammation, infection, altered diet, medications, and epithelial cell dysfunction and breakdown [28] . Recent attention has focused on the role of the intestinal microbiota, a complex community of >10 trillion (≥10 13 ) microorganisms inhabiting the gut that plays an important role in human health and disease [17] . In the healthy state, the microbiota and host interact in a mutually beneficial manner, with the host providing a consistent nutrient source and environment and the microbiota participating in digestion, metabolism, immune homeostasis, and resistance to infection. In hospitalized patients, antibiotics and other interventions cause diarrhea by disrupting the microbiota and normal host-microbiota interaction [16] [17] [18] 29] . Thus, broad-spectrum antibiotics and antibiotics that achieve high concentrations within the intestinal lumen historically posed the greatest risk of antibiotic-associated diarrhea (AAD) and CDI because they disrupt the intestinal flora to a greater degree [20] . Also, just as host factors are important, individual differences in the microbial metagenome may play a role in predisposing patients to diarrhea, infection, or severe disease [3, 29, 30] . Next-generation sequencing technologies are now being used to more thoroughly characterize the impact of antibiotics on the microbiota, with the expectation that this will lead to an improved understanding of pathogenesis. For example, sequencing of bacterial DNA from feces of a patient who developed diarrhea during a course of oral amoxicillin-clavulanic acid showed marked reductions in commensal bacteria that are likely to be mechanistically linked to the development of diarrhea and persist beyond the course of antibiotics (Figure 1 ) [16] . In such cases, antibiotic removal of bacteria that normally produce butyrate, a colonic epithelial cell nutrient, and break down undigested carbohydrates results in epithelial dysfunction and an increased osmotic load within the intestinal lumen, leading to diarrhea [17, 18] . Another potential mechanism for AAD is decreased bacterial metabolism of bile acids because bile acids have a profound secretory effect on colonic epithelium [18] . Similar mechanisms by which microbiota alterations result in an increased susceptibility to infection (eg, with C. difficile) and contribute to the diarrhea associated with enteral feeding, chemotherapy, and radiotherapy are also being studied [3, 29, 30] .
DIFFERENTIAL DIAGNOSIS
Nosocomial diarrhea differs from diarrhea originating in the community in several ways. First, unlike acute communityonset diarrhea, which is frequently infectious, relatively few cases in hospitals are attributable to infection during nonepidemic periods [5, 7, 11, 13, 31] . Second, diagnosis of infections in hospitalized patients is complicated by high rates of asymptomatic carriage (eg, C. difficile) and a lack of readily available diagnostic testing for other potential infectious causes [18, 19, 21, 25, [32] [33] [34] . Third, prompt recognition of infectious causes, especially C. difficile and norovirus, is desirable to limit transmission to other hospitalized patients [21, 25] .
Infectious Causes Associated With Antibiotics
Clostridium difficile is the most common infectious cause of nosocomial diarrhea, representing 10%-20% of cases [12, 13, 19, 21, 23, 35] . CDI is typically associated with prior antibiotics but may follow other exposures that also disrupt the microbiota. (See recent guidelines and reviews for further discussion of CDI [21, 27, 32] .) Other toxin-producing bacteria that have been associated with diarrhea following antibiotics are discussed next.
Klebsiella oxytoca
Pathogenic strains of Klebsiella oxytoca produce a toxin that inhibits DNA synthesis [33] . Such strains cause 50%-80% of cases of C. difficile negative, hemorrhagic colitis after antibiotics but are probably not a significant cause of nonbloody AAD [24, 36] . A prospective study of hospitalized patients with AAD identified cytotoxic K. oxytoca in 3 of 18 (16.7%) patients with bloody diarrhea but none of 89 patients with nonbloody diarrhea [36] . More recently, a laboratory study identified cytotoxic K. oxytoca in only 2.3% of 429 stool specimens submitted for C. difficile testing, confirming that K. oxytoca is relatively rare in routine stool samples [33] . Most patients are adults and present with acute onset of abdominal pain, bloody diarrhea, and leukocytosis after exposure to penicillins or other antibiotics [24] . Symptoms resolve upon antibiotic discontinuation, and therapy directed at K. oxytoca is not necessary [24] . Diagnosis is supported by recovery of pure or predominant K. oxytoca from stool or colon aspirate, but few wild-type strains produce toxins and tests for toxin-producing K. oxytoca are not available clinically [33, 36] .
Clostridium perfringens
Enterotoxin-producing type A C. perfringens is an established cause of food poisoning and infrequent cause of AAD [23, 37] . The majority of data supporting a role for C. perfringens in AAD come from cross-sectional studies showing a higher prevalence and bacterial counts of C. perfringens in symptomatic patients vs controls, and from outbreaks of nosocomial diarrhea associated with C. perfringens and no other pathogens [23, 37] . Others have observed high carriage rates and similar concentrations of C. perfringens in asymptomatic patients [37] . Regardless, large studies suggest that only 1%-3% of diarrheal samples have C. perfringens as a potential cause; occasional studies report up to 8% as positive [19, 23, 35, 38] . Clinically, the median duration is 7 days, 1 in 5 patients have ≥10 stools per day, and patients respond to metronidazole [23] . Pseudomembranes have not been reported [23, 37] . Diagnostic testing is not widely available and <5% of wildtype C. perfringens strains are toxigenic, making culture impractical [35] . A research immunoassay has been developed to detect the enterotoxin (CPEnt) and polymerase chain reaction (PCR) for the cpe gene has also been used [19, 35] .
Others
Staphylococcus aureus has been questioned as a cause of AAD but it can occur rarely (0.2%-4%), especially with methicillinresistant strains that produce toxins [19, 39, 40] . Salmonella species are a rare cause of AAD and pseudomembranous colitis [18] .
Infectious Causes not Associated With Antibiotics
Norovirus is the predominant cause of infectious gastroenteritis in the community, accounting for up to 90% of outbreaks and 5%-30% of patients presenting to clinics and hospitals with diarrhea during active seasons [41] . In hospitals, norovirus is an important cause of outbreaks but the extent of sporadic infections is unknown [25, 42] . Lopman et al conducted a 1-year study of diarrheal outbreaks in hospitals in England [25] . Using an outbreak definition of ≥2 cases from the same unit within 7 days, norovirus was detected in ≥1 specimens from 63% of outbreaks with samples collected [25] . Interestingly, the median duration of symptoms was 3 days Figure 1 . Fecal bacterial microbiota before, during, and after an episode of antibiotic-associated diarrhea. Pie charts represent the bacterial microbiota as determined by 16S ribosomal DNA amplification and sequencing of feces from a 39-year-old man who developed antibiotic-associated diarrhea within 24 hours of starting amoxicillin/clavulanic acid for sinusitis. The diarrhea persisted for the duration of the 10-day antibiotic course and resolved 4 days after antibiotic discontinuation. Adapted with permission from Young and Schmidt and ASM Press [16] .
and vomiting was absent in almost half of cases [25] . Rotavirus, astrovirus, and adenovirus can spread nosocomially in young children [43, 44] . Finally, enterotoxigenic Bacteroides fragilis is an emerging cause of diarrhea in community settings, but its role in nosocomial diarrhea is unknown and it does not appear to be associated with antibiotics [34] .
Additional Infectious Causes in Immunocompromised Patients
Infectious diarrhea in immunocompromised patients is often longer and more severe, but asymptomatic carriage is also common [4, 11] . In addition to C. difficile, cytomegalovirus and gastrointestinal viruses (eg, rotavirus, adenovirus, norovirus) can cause significant morbidity in transplant patients [8, 10, 11, 31, 32] . Norovirus has been associated with prolonged symptoms and shedding lasting months in transplant patients [4] . Finally, parasites and bacteria that are typically associated with community-acquired diarrhea (eg, Giardia, Cryptosporidium, Strongyloides, Campylobacter) have been reported in transplant patients with hospital-onset diarrhea and should probably be considered when risk factors are present [8, 10, 22, 31] .
Medications and Enteral Feeding
More than 700 drugs have diarrhea as a side effect and 15%-40% of patients on enteral feeding develop diarrhea [6, 20, 26, 29] . As a result, medications and enteral feeding account for the majority of cases of diarrhea in hospitalized patients, especially intensive care unit, transplant, and cancer patients [3, 5, 6, 9, 11, 27, 31] . Drug-induced diarrhea can be inflammatory or noninflammatory and caused by an effect on the intestine or the microbiota [3, 18, 20, 26] . Antibiotics are estimated to be responsible for 25% of drug-induced diarrhea but other medications also induce diarrhea commonly (Table 1) [3, 9, 20, 26] . Rates are particularly high with antineoplastic agents and immunosuppressants; iatrogenic diarrhea due to laxative overdose is also common (Table 1) [3, 10, 20] . Some medications contain sorbitol or other carbohydrates as excipients that can cause osmotic diarrhea [9, 20, 26] . Enteral feeding is a potential cause of diarrhea that may be reduced by continuous infusion and adjustment of the formula and fiber content, but diarrhea persists in 10%-15% of patients [6, 29] .
Underlying Conditions
A wide array of chronic conditions such as lactose intolerance, inflammatory bowel disease, irritable bowel syndrome, and diabetic enteropathy can contribute to diarrhea in hospitals but rarely present as nosocomial diarrhea. Colonic ischemia is an important cause of acute bloody diarrhea and abdominal pain that can present in hospitalized patients, especially vascular surgery and elderly patients [45] . Other causes include substance abuse withdrawal and overflow diarrhea with fecal impaction [7, 9] . In critically ill patients, hypoalbuminemia has been associated with diarrhea but it is unclear if this is a primary cause or a marker of the severity of illness and malnutrition [6, 9] . Graft-vs-host disease is a common cause in HSCT patients [11] .
Frequency and Etiologies by Patient Group
The frequency and causes of diarrhea vary significantly among hospitalized patient groups. Patients hospitalized for short periods with few exposures have relatively low rates of diarrhea (≤5%). Patients with longer lengths of stay and more intense treatments, such as intensive care, transplantation, and cancer chemotherapy, have higher rates of diarrhea, ranging from 15% to 80% (Table 2 ) [1, 3, 5, 6, 8, 10, 11, 14, 15, 27, 31, 46, 47] . In these groups, it can be difficult to determine the specific cause of symptoms but some etiologies are more likely than others ( Table 2) .
EVALUATION AND MANAGEMENT
Evaluation
The first step in evaluating a patient with suspected nosocomial diarrhea is to verify the presence of diarrhea and assess the onset, duration, and severity of symptoms. The frequency, consistency, and volume of stools should be determined and any signs or symptoms of dehydration, infection, or sepsis should be noted. Severe abdominal cramping suggests an inflammatory process but is not specific for infection. Vomiting is also nonspecific but should prompt consideration of norovirus. Bloody stools occur rarely in AAD (or CDI) with the exception of K. oxytoca hemorrhagic colitis. For severity assessment, a number of factors have been examined as predictors of severe CDI but there are no validated criteria for CDI or non-C. difficile diarrhea [21] . A separate grading system is used for chemotherapy-induced diarrhea [3] . Clostridium difficile infection should be excluded in all patients with clinically significant diarrhea regardless of antibiotic exposure. It is important for physicians to know the type of test that is used for C. difficile at their local institution. Many laboratories are currently transitioning from tests that detect C. difficile toxins to tests that detect C. difficile directly, but methods vary between institutions and can have a significant impact on the predictive value of results [21] . The medical history should be reviewed for preexisting conditions that may contribute to diarrhea (eg, inflammatory bowel disease), and iatrogenic causes like laxative overdose should be excluded. If diarrhea persists and laxatives or CDI are not responsible, additional evaluation may be indicated, depending on the presence or absence of blood in the stool, the host immune status, and the severity of symptoms (Figure 2 ). Medications should be reviewed with a pharmacist to identify potential causes of drug-induced diarrhea (Table 1) [3, 6, 8] . If the patient is receiving enteral nutrition, the rate and site of infusion and formula should be evaluated for optimization [6, 29] . Norovirus testing by reverse transcriptase PCR should be considered in immunocompetent patients when vomiting is present, immunocompromised patients with persistent symptoms, and potential outbreaks when multiple patients or staff have similar symptoms on the same ward [4, 41, 48] . Testing for fecal white blood cells is insensitive and nonspecific and should not be e Antibiotic-associated: Clostridium perfringens, Klebsiella oxytoca, Staphylococcus aureus (does not include Bacteroides fragilis).
f Most often adenovirus, astrovirus, or rotavirus; likely includes a mix of nosocomial and community infections.
g Proportion of total diarrheal episodes with no infectious cause identified. Most common noninfectious causes by group are as follows: Antibiotics-antibiotic effect on microbiota or gut, laxatives; Intensive care-laxatives, antibiotics, sorbitol-containing medications, enteral feeding; Chemotherapy-laxatives, antineoplastic agents, antibiotics, radiotherapy; SOT-immunosuppressants, bacterial overgrowth; HSCT-chemotherapy, immunosuppressants, antibiotics, radiotherapy, laxatives, graft-vs-host disease.
performed routinely [49] . Tests for fecal lactoferrin and other inflammatory markers are potentially useful in selected cases but there are inadequate data in patients with nosocomial diarrhea to support their routine use at this time. Testing for other infectious causes has a low yield except possibly in transplant patients [22] . In these patients, active cytomegalovirus infection and other gastrointestinal viruses such as norovirus, adenovirus, and rotavirus should be excluded but most cases are due to medications or graft-vs-host disease [8, 10, 11, 31] . In human immunodeficiency virus-infected patients or transplant patients with risk factors for community-acquired bacteria or parasites or a history of diarrhea prior to admission, stool culture and tests for parasites may be considered but should not be performed routinely [22] . Testing a single sample is sufficient unless the patient is from a parasiteendemic region. Patients with significant, persistent diarrhea, and negative test results may be considered for colonoscopy. Colonic ischemia should be excluded in patients with bloody diarrhea [45] . Testing is generally not available for enterotoxin-producing strains of C. perfringens, K. oxytoca, and S. aureus. In select cases, when infection is strongly suspected, special arrangements may be made with the laboratory to look for overgrowth of these organisms in culture, but most strains do not produce toxins.
Treatment
A staged approach is appropriate for immunocompetent patients with mild to moderate diarrhea [9, 29] . Laxatives should be discontinued and CDI should be treated when present [21] . Nonessential medications that are commonly associated with diarrhea should be discontinued and enteral nutrition, if present, should be optimized [6, 9, 29] . Supportive therapy should be administered, including oral or intravenous fluids and electrolyte repletion as necessary. Antidiarrheal agents have not been systematically evaluated in nosocomial diarrhea but may be useful in selected C. difficile-negative cases. Immunocompromised patients and patients with severe diarrhea require frequent monitoring and earlier, more aggressive intervention. For these patients, a more extensive evaluation for infectious causes may be indicated and medications should be carefully reviewed to identify drugs that may be contributing to symptoms. Guidelines are available for management of chemotherapy-induced diarrhea [3] . All patients with CDI or norovirus infection should be isolated as early as possible. Isolation may rarely be warranted with outbreaks of other infectious agents such as toxigenic C. perfringens or transmissible viruses.
Probiotics have been shown to be effective in preventing pediatric AAD and treating childhood infectious gastroenteritis, but their safety and efficacy in hospitalized adults are unproven [6, 29, 50] . In particular, caution should be used with probiotics in patients with compromised immunity or intestinal mucosa [21, 50, 51] . In these patients, there is an increased risk of gut translocation of probiotic organisms, and rare cases of bacteremia, fungemia, and mortality due to probiotic strains have been reported [51] . This is an active area of research that will continue to evolve.
SUMMARY AND FUTURE DIRECTIONS
Nosocomial diarrhea is a common and underappreciated complication of hospitalization that is generally not caused by C. difficile. Most cases are noninfectious but surprisingly little is known about the other causes of nosocomial diarrhea, especially in intensive care unit, transplant, and cancer patients. Medications cause the majority of diarrhea via side effects, toxicity, and disruption of the intestinal microbiome, which in the future may be ameliorated by changes in management, prebiotics, or probiotics.
There is a significant need for systematic prospective studies to define the epidemiology and impact of diarrhea in hospitalized patients and high-risk subgroups. In particular, the incidence of norovirus and other potential infectious causes needs to be clarified with studies that include comprehensive microbiologic testing and large numbers of patients. More data are also needed regarding changes in the microbiome introduced by hospitalization and common treatments and the role of the microbiome in diarrhea pathogenesis and complications. The Infectious Diseases Society of America and Society for Healthcare Epidemiology of America recently updated their guidelines for CDI [21] but guidelines do not exist for most other causes of nosocomial diarrhea, and there is a major need for standardization of criteria for diagnosis, severity assessment, and management.
Notes
